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UTILIZATION UNDERGROUND 
STORAGE RESERVOIRS 


The scope this paper limited consideration 
tion the water storage capacity available the unconsolidated tertiary 
and quaternary alluviums stream valleys, interior valleys, and coastal 
plains, with particular reference conditions Southern California. The 
objective such utilization achieve maximum salvage minimum cost 
that portion the water supply that now wastes the ocean lost 
through evaporation and consumptive use natural vegetation. accomplish 
this salvage, will often necessary during dry periods deliberately draw 
down the water table the ground-water basin much farther than would 
otherwise fall, order create storage capacity. 

Development commercial supplies from ground water for irrigation, 
municipal, and other uses has caused certain degree involuntary utili- 
zation underground storage and the extent such utilization, with con- 
sequent salvage, will increase further development ground-water supplies 
proceeds. Numerous artificial recharge, spreading, projects have been 
initiated, but the net effect many these has been limited keeping the 
water table slightly higher dry years than would have been otherwise. 
The ground-water basins would have filled during wet periods from natural 
percolation without spreading. deliberate attempt has been made during 
drought periods create additional underground capacity filled 
water salvaged during later wet periods. Carefully planned utilization 
the immense potential storage capacity available the alluviums with ground- 
water basins operated manner somewhat analogous surface reservoirs 
can frequently achieve much greater salvage. 

some instances, only planned operation the ground-water basin is, 
required produce ample conservation meet the need for additional 
water. other cases, construction relatively small surface reservoirs 
act regulatory storage that increases stream-bed percolation and arti- 

comments are invited for publication; the last discussion should submitted 
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ficial recharge thus will operated conjunction with underground storage 
achieve maximum conservation necessary. general, costs for under- 
ground storage should far less than for the equivalent amount salvage 
obtained construction and operation surface reservoirs alone. Few 
surface reservoir sites large capacity, high yield, and low cost are still 
unused. Properly operated, there are evaporation losses from most under- 
ground reservoirs, but, generally speaking, water must pumped from them 
for use, thus adding the final cost. However, this not often major 
item the economic comparison underground storage versus surface storage 
alone. 

obtain full conservation available water supplies reasonable 
cost will require extensive utilization underground storage, will large 
scale reclamation sewage. Thorough investigation the hydrology 
the ground-water basins must precede development 
create storage capacity and supply adjacent areas deficiency, exporta- 
tion pumped water from ground-water basins potential capacity 
and with ample tributary inflow may required. change the location 
and pattern pumping may indicated. 

Owners over-lying land and others having prior rights the ground- 
water basins often object utilization underground storage when addi- 
tional lowering water table during dry periods, causing increased pumping 
costs, necessary. Complex physical, engineering, financial, and legal 
problems are involved. 


INTRODUCTION 


There regrettable tendency during periods regard any 
drop the water table ground-water basins danger sign, without 
pausing consider that the supply water the water table such times 
below average and that such drop, some instances, may actually 
beneficial salvaging wasteful consumptive use and providing space for 
storage later surplus waters. The ideal situation the minds many 
keep ground-water basins nearly full possible all times, and 
large expenditures have sometimes been made for that purpose. The net 
result has frequently been slight saving pumping costs and large waste 
water that could have been used good advantage elsewhere areas 
deficiency. 


excellent treatise the hydrology ground-water basins has been 
given Harold ASCE. The subject will treated here 


‘only sufficient detail serve background for the discussion utiliza- 


tion underground storage. 
General Hydrologic various elements involving supply 


and disposal from ground-water unit, including the over-lying surface, 


Ground-Water Storage Stream System Harold Conkling, 
Transactions, ASCE, Vol. 111, 1946, 275. 
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are related accordance with the following equation: 
(1) 


which the surface inflow; the precipitation the surface; 
the amount underflow entering the unit; the artificial importation 
water sewage; the surface outflow; the amount underflow 
leaving the unit; the consumptive use (evapo-transpiration loss); 
the artificial exportation water wage; and the change storage. 

Change storage used this equation includes not only that occurring 
beneath the water table (surface the saturated alluvium) but also that 
within the root zone and between the root zone and the water 
the period time considered. 

All the elements supply and disposal (with the possible exception 
precipitation) are, can be, affected some degree man’s activities. 

Supply the Water Table—The sum the following items, corrected 
for any change storage previously defined the aggregate amount 
water reaching the water table: percolation from precipitation; stream-bed 
percolation; artificial recharge through spreading grounds and diffusion wells; 
underflow into the ground-water unit; return flow from irrigation; return 
flow from cesspools and septic tanks; and leakage from water mains. 
many ground-water basins, opportunity for stream-bed percolation limited 
high ground-water table. 

previously stated, each these items affected artificial develop- 
ment and culture. illustrate, natural state the average percolation 
precipitation comparatively small because the type and density 
natural vegetation that becomes established consumes nearly all the aver- 
age rainfall. When irrigated culture substituted for natural vegetation, 
percolation precipitation tends increase because the initial soil moisture 
deficiency the onset the rainy season decreased. run- 
off may increase stream-bed percolation and allow greater artificial recharge. 
Regulation from portion the watershed allows greater proportion 
the runoff from other areas percolate spread. Stream-bed percola- 
tion may entirely partially cut off construction lined flood control 
channels. 

the ground-water basin has large capacity, enabling drawn 
down without danger deficiency and, sometimes the case, will 
fill from natural percolation during wet periods, there little benefit 
obtained from artificial recharging, other than that keeping the water 
table slightly higher during dry periods. Very little over-all conservation 
achieved. must also emphasized that spreading beneficial, the 


true salvage obtained the difference between the amount water spread and 


the amount that would have percolated naturally allowed remain the 
stream channel. 

Disposal from the Water reaching the water table dis- 
posed means the following items: Artificial extractions; underflow 
out the ground-water unit; effluent seepage (or rising water); consumptive 
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use natural artificial vegetation deriving its water supply directly from 
the water table; artificial drainage; and change storage beneath the water 
table. 

The elevation the water table affects the magnitude underflow, 
seepage, drainage, and consumptive use. cases which under- 
flow, drainage, and effluent seepage serve source supply lower basins, 
over-all salvage can attained decreasing these items through lowering 
the water table basin. However, there are areas natural water- 
consuming vegetation that feed directly the water table, considerable 
salvage sometimes can achieved such lowering. Increasing artificial 
extractions and exporting the water other areas deficiency may accomplish 
the desired result. 

Some ground water must allowed escape from the basin order 
prevent gradual build-up dissolved salts undesirable concentrations. 
Disposal from the water table must equal the supply it. the net change 
storage over complete cycle dry and wet periods negative, then the 
basin overdrawn with respect the historic conditions supply. 

Safe yield may defined the average annual rate 
artificial extraction from ground-water basin which will not: 


Exceed the difference between the average annual supply the 


water table defined previously and the average annual disposal from the 
water table underflow, seepage, drainage, and direct consump- 
tive use; 

Lower the water table sufficiently permit intrusion sea water 
other water undesirable quality prevent sufficient flow through the 
basin maintain proper balance dissolved salts; 

Lower the water table beyond the economic limit for cost pumping; 

Interfere with prior rights others adjacent ground-water basins. 


apparent from this line reasoning that safe yield not unique 
nor fixed value. also obvious that the water table must lowered 
somewhat below that for natural conditions order that there may safe 
yield, since safe yield represents, part, salvage from natural processes 
disposal underflow, effluent seepage, and direct use. This 
salvage can achieved only lowering the water table. Lowering the 
water table may increase the stream-bed percolation and provide more space 
for storage surplus water wet years. The value safe yield dependent, 
then, other factors remaining the same, upon the assumption that made 
the average elevation the water table maintained. With ex- 
tractions limited safe yield, the water table will fluctuate around this 
average more less accordance with the sequence wet and dry years. 
Safe yield changes magnitude cultural activities and developments 
alter the supply the water table and disposal therefrom. Methods 
determining safe yield have been adequately 

Herold Conkling, George Gleason, and Elmer Marliave, Raymond 


Basin Area Reference, Vol. Div. Water Resources, Dept. Public Works, State California, 1943 
(City Pasadena City Alhambra, al, No. Pasadena C-1323). 
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Storage Capacity—For utilization underground storage, the storage 
capacity available must estimated from average specific yield, area, and 
the depth which the basin may dewatered below the highest allowable 
water table. Limitations maximum depth which basin can un- 
watered have been discussed previously. 

confined (or pressure) aquifers there some small change storage 
the aquifer itself and some leakage from the confining strata pressure 
decreased. Storage capacity such aquifers not available for utilization 
unless possible draw the piezometric level down below the top the 
aquifer that free water table results. 


PROJECT FOR VENTURA CALIFORNIA 


General Description the Area and its river systems 
(Ventura River, Santa Clara River, and Calleguas Creek) drain most 
Ventura County, plus considerable area Los Angeles County (Calif.) 
lying the east, shown For purposes this paper, only those 


Scale Miles 
~ 
ba 
enc 
Line for Fig. ZONE Location Wells 


portions Ventura County drained supplied the Santa Clara River 
will considered. The river and its tributaries, Sespe Creek and Piru Creek, 
are the only sources from which significant amounts new water may 
made available conservation measures supply the coastal plain and 
areas the south the Santa Clara River Valley. 

Ground water extensively produced from alluvial deposits that range 
thickness from 100 less several thousand feet. Lateral con- 
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strictions and other natural impediments the movement ground water 
divide the area into hydrologic units, ground-water basins. These basins 
are delineated Fig. Eastern Basin, lying mostly Los Angeles County, 
will not further considered this paper. 

Southerly and southwesterly the pressure line that runs east and south- 
east from Ventura the mountains the south side Pleasant Valley, 
Calif. (as shown Fig. 1), the ground-water aquifers are overlain and con- 
fined relatively impermeable cap clay and fine-grained silty deposits 
having considerable thickness. The bottom this confining member 
some distance below sea level all parts the plain. Water these aquifers 
under pressure and produced numerous artesian flowing wells. 

Inland from the pressure line there are extensive confining members, 
and free water-table conditions exist. Montalvo Basin acts the forebay 
area, storage reservoir, from which ground water moves into the pressure 
aquifers the coastal plain. The Santa Clara River System thus supplies 
not only its own valley but all the coastal plain including the western 
portion Pleasant Valley. the severe overdraft existing the nonpressure 
portion Pleasant Valley were supplied and sufficient additional water 
could imported and spread, possible that this area could also act 
forebay area partially supply the pressure aquifers the southerly portion 
the coastal plain. 

The total average annual surface inflow Santa Clara River Ventura 
County estimated about 230,000 acre-ft, which nearly 40% contrib- 


Year Average Runoff (1923-1944) 
000 Sespe Creek 700 Acre-Feet 
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Fie. 2.—ANNUAL SESPE AND Piru CREEKS 


uted Sespe Creek and about 20% Piru Creek. The extreme variation 
annual runoff and the more less cyclic character the supply shown 
the hydrograph (Fig. 2). Annual runoff Sespe Creek has varied from 
during wet periods much more than sufficient fill all ground-water basins 
along the river. 

Two spreading areas are use the present time (December, 1951) 
one near Piru with capacity per sec and the other near Saticoy 
with capacity 145 per sec. 
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drought similar the one that occurred from 1923 1936, inclusive, 
has been used the critical period studies for the project. Combined 
average annual runoff Sespe and Piry Creeks during this period was 54% 
the long-term mean. 

estimated that the average annual waste the ocean Santa Clara 
River, with present culture and existing conservation works, would 36,000 
acre-ft for drought period similar that 1923-1936. this total, 
24,000 acre-ft would from Sespe Creek and 3,000 acre from Piru Creek. 
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1920 1925 1930 1935 1940 1945 1950 1925 1930 1935 1940 1945 1950 
Year Year 
(a) PIRU BASIN (e) MONTALVO BASIN 
(b) FILLMORE BASIN OXNARD PLAIN PRESSURE AREA 
(c) SANTA PAULA BASIN (g) PLEASANT VALLEY PRESSURE AREA 


(d) OXNARD PLAIN PRESSURE AREA 


This the water that could salvaged during droughts additional con- 
servation works. The average annual waste during wet periods similar 
1937-1944 would times greater. Waste during drought periods 
will decrease further development increases the demand for ground water, 
thereby causing greater lowering the water table the Fillmore and 
Santa Paula Basins (Calif.). This lowering will give greater opportunity 
for stream-bed percolation and the net conservation efficiency any surface 
reservoirs that may built will tend decrease. Fluctuations water 
table wells basins supplied Santa Clara River are shown Fig. 
Although wide fluctuations are shown for Piru Basin, believed that there 
can overdraft there because the ample depth saturated alluvium 
remaining below the low point that has been, may be, reached the water 
table and the fact that the basin will always fill during wet periods. Fluctua- 
tions the water table all basins above Saticoy, Calif., will tend in- 
crease because increased demand but there danger overdraft. Con- 
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struction and operation surface reservoirs tributary streams will keep 
these basins full, unless they are utilized underground storage reservoirs. 


Over much the plain the water (or piezometric level) now 
below sea level, shown Figs. and and evidence indicates that sea 


Santa Paula 


Hollywood 
Beach 


Fic. CONDITIONS OXNARD PLAIN 1949 


water intrusion has already advanced inland some extent. The ground- 
water conditions the Oxnard Plain April, 1949, are indicated the 


following table: 
Elevation feet 


below sea level Area, acres 
55,500 
—10 38,900 
—20 21,600 
—30 15,900 
7,000 
1,500 


indicated the profile across the plain for spring, 1947 (Fig. transmissi- 
bility the pressure aquifers insufficient meet the demand even with 
the Montalvo Basin (the forebay area) nearly full, unless steep hydraulic 
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gradient produced drawing the piezometric level below sea level dis- 
tant portions the plain. 

Available storage capacity the Montalvo Basin about 80,000 acre-ft 
above the record low point reached 1931. believed that the basin 
should not drawn below this point the average water table elevation 
that time was only about above sea level. The supply the Mon- 
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talvo Basin from the Santa Clara River during drought periods, without 
upstream reguiation, about 34,000 acre-ft per yr; whereas total demand 
the basin 61,000 acre-ft per (1950). cultural development proceeds, 
supply the Montalvo Basin will decrease, and the demand will increase, 
thus aggravating the situation unless remedial measures are undertaken. 

The problem, then, supply sufficient supplemental water the coastal 
plain maintain the piezometric surface above sea level all times, 
maintain ground-water ridge along the coast. Studies indicate that 
average 27,000 acre-ft should provided annually the initial project 
during drought periods and that the need for new water may rise ultimate 
53,000 acre-ft per year. 

Yield and Cost Surface reservoir sites capable 
salvaging significant amounts water exists only Sespe and Piru Creeks. 
The three most likely sites—Cold Spring and Topa Topa Sespe Creek and 
Devil Canyon Piru Creek—will described this paper. The capacity 
Cold Spring Reservoir limited about 40,000 acre-ft unless several 
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miles highway extremely mountainous terrain are relocated. This 
usually very expensive undertaking. 

Curves annual yield for these reservoirs are given Fig. Curve 
each case represents yield that might obtained from the reservoirs 
all present downstream rights, other than gravity rights diverting directly 
from the stream, could desregarded; that is, there were utilization 
the ground water that now supplied the stream. Curve represents 
new water added annually the existing supply the Santa Clara River 
system during the critical period, from runoff available the dam site. This 


Complete Regulation Stream 
Curve Topa Topa 
Curve Devil Canyon 


30 


New Water 


Annual Yield, Thousands Acre-Feet 


(a) TOPA TOPA AND 
DEVIL CANYON RESERVOIRS 


100 150 200 250 300 350,10 
Net Capacity Reservoir, Thousands Acre-Feet 


presumes the reservoir operated conventional manner with more 
less uniform annual release the regimen demand, without regard 
any planned utilization ground water. Some this new water for smaller 
capacities would from percolation spill. Curve represents new water 
that would added with the reservoir operated conjunction with under- 
ground storage. Water stored the reservoir would released soon and 
fast could stored underground. Diversion from the release for 
immediate use would made whenever possible, but the regimen release 
would not related such use but rather the capacity the stream bed 
and spreading grounds absorb the water. Other water would spread 
first, when available, order achieve maximum salvage. Wells would 
installed and water pumped needed from the underground supply 


Curve 
New Water 
7 | 
Topa New Water 
j 
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areas deficiency distant from the underground reservoir. Under this 
latter plan operation, surface reservoirs act merely regulatory storage 
enable the runoff percolate naturally artificially, but the true storage 
reservoir underground. 

previously stated, cultural development proceeds, the amount 
new water that will added reservoirs the supply that would otherwise 
exist will progressively decrease. Evaporation and prior gravity rights were 
deducted calculations for all curves Fig. Curves and are based 
the critical period from May, 1923, November, 1936, inclusive. 

All the new water added Devil Canyon Reservoir Piru Creek 
would not reach the Coastal plain, where the true shortage is, time 
benefit. considerable proportion water released from the reservoir 
during drought periods would percolate within Piru Basin and remain there, 
keeping the water table somewhat higher than otherwise. 

With runoff Sespe Creek controlled Topa Topa, estimated that 
natural percolation and spreading runoff from other portions the water- 
shed would contribute average 4,000 acre-ft per additional water 
the supply. This the amount new water that must added 
directly surface underground reservoirs 23,000 acre-ft per yr. 
liminary estimates capital costs for these three reservoirs are presented 
Fig. These curves are the critical period from May, 1923, 
November, 1936, inclusive and include allowance for silt storage capacity 
for years. 
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provide 23,000 acre-ft new water annually the construction and 
operation surface reservoirs only would require 40,000 acre-ft capacity 
Cold Spring (including 4,000 acre-ft for sediment storage) and 125,000 
acre-ft Topa Topa (including 6,000 acre-ft for sediment storage). The 
cost for this program would approximately $14,300,000 for construction 
the dams and reservoirs alone (1950). building Cold Spring Reservoir 
capacity 40,000 acre-ft and Topa Topa 34,000 acre-ft (with the same 
allowances for sediment) and operating these reservoirs conjunction with 
the 80,000 acre-ft underground storage capacity available the Montalvo 
Basin (assumed full beginning the critical period), the cost con- 
struction surface reservoirs could reduced $7,600,000 (1950). This 
the project that proposed for construction. 

this latter cost should added the cost drilling and equipping the 
wells necessary and the cost pumping water from Montalvo Basin. 
These wells need not more than 250 300 deep, and the pumping lift 
would not more than 150 ft. While these additional costs have not been 
definitely estimated, apparent that they would far less than the 
$6,700,000 saving over the cost construction the surface reservoirs. 
Not all the water put into Montalvo Basin would need pumped, 
since some would distributed through the underground aquifers leading 
out from the basin. 
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plans have been formulated provide the 26,000 acre-ft additional 
new water that will required each year eventually. Examination the 
yield and cost curves (Figs. and will show that would extremely 
expensive secure this additional water construction and operation 
surface reservoirs alone. Underground storage capacity Fillmore Basin 
estimated 170,000 acre-ft per 100 depth and 125,000 acre-ft storage 
available Santa Paula. possible these underground reservoirs could 
operated conjunction with some additional regulatory surface storage 
provide more water for the coastal plain considerably reduced cost. 
Operation these basins would reduce some the present wasteful con- 
sumptive use natural water-loving vegetation along the river, but the 
same time remove the small degree flood protection that this vegetation 
presently affords adjacent agricultural lands. 

Distribution Water the Coastal possible means dis- 
tributing new water the coastal plain prevent further intrusion sea 
water are under consideration: 


Cessation pumping where and when the piezometric level falls 
sea level and supply the affected areas means surface distribution 
system. This would require very careful control and would present difficult 
distribution problems, and the cost the distribution system would high. 
would meet serious objection from irrigators who prefer the ease and con- 
venience irrigating with pumped water. Direct charge for water applied 
the surface would considerably greater than the present cost pumping 
ground water, and legal means compelling cessation pumping would 
required. 

Injection through diffusion wells into aquifers the pressure area 
strategic points. This injection would not interfere with the present pumping 
pattern. high quality water, free suspended and colloidal matter would 
required, water pumped from Montalvo Basin would suitable. Care- 
ful control keep the piezometric level above sea level all points would 
necessary. However, the distribution system need not extensive 
that necessary for the first alternative, although the plan would require 
considerable preliminary investigation feasibility. 

Building ground-water ridge along the coast means diffusion 
wells. This might the simplest and least costly method, but considerable 
investigation would necessary determine its feasibility and the amount 
water needed. Full advantage could taken the transmissibility and 
storage capacity inland aquifers since there would necessity keeping 
the piezometric level there above sea level. 


CENTRAL PLAIN PRESSURE AREA 


Montebello Basin acts the forebay area for much the central coastal 
plain pressure area (Los Angeles County, Calif.) which there severe 
overdraft and sea water intrusion. has been estimated that, with cultural 
conditions 1945, pulling the water table Montebello Basin down 
additional during dry periods (thus creating storage space filled 
during subsequent wet periods) average about 15,000 acre-ft water 
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plans have been formulated provide the 26,000 acre-ft additional 
new water that will required each year eventually. Examination the 
yield and cost curves (Figs. and will show that would extremely 
expensive secure this additional water construction and operation 
surface reservoirs alone. Underground storage capacity Fillmore Basin 
estimated 170,000 acre-ft per 100 depth and 125,000 acre-ft storage 
available Santa Paula. possible these underground reservoirs could 
operated conjunction with some additional regulatory surface storage 
provide more water for the coastal plain considerably reduced cost. 
Operation these basins would reduce some the present wasteful con- 
sumptive use natural water-loving vegetation along the river, but the 
same time remove the small degree flood protection that this vegetation 
presently affords adjacent agricultural lands. 

Distribution Water the Coastal Plain.—Three possible means dis- 
tributing new water the coastal plain prevent further intrusion sea 
water are under consideration: 


Cessation pumping where and when the piezometric level falls 
sea level and supply the affected areas means surface distribution 
system. This would require very careful control and would present difficult 
distribution problems, and the cost the distribution system would high. 
would meet serious objection from irrigators who prefer the ease and con- 
venience irrigating with pumped water. Direct charge for water applied 
the surface would considerably greater than the present cost pumping 
ground water, and legal means compelling cessation pumping would 
required. 

Injection through diffusion wells into aquifers the pressure area 
strategic points. This injection would not interfere with the present pumping 
pattern. high quality water, free suspended and colloidal matter would 
required, water pumped from Montalvo Basin would suitable. 
ful control keep the piezometric level above sea level all points would 
necessary. However, the distribution system need not extensive 
that necessary for the first alternative, although the plan would require 
considerable preliminary investigation feasibility. 

Building ground-water ridge along the coast means diffusion 
wells. This might the simplest and least costly method, but considerable 
investigation would necessary determine its feasibility and the amount 
water needed. Full advantage could taken the transmissibility and 
storage capacity inland aquifers since there would necessity keeping 
the piezometric level there above sea level. 


CENTRAL PLAIN PRESSURE AREA 


Montebello Basin acts the forebay area for much the central coastal 
plain pressure area (Los Angeles County, Calif.) which there severe 
overdraft and sea water intrusion. has been estimated that, with cultural 
conditions 1945, pulling the water table Montebello Basin down 
additional during dry periods (thus creating storage space filled 
during subsequent wet periods) average about 15,000 acre-ft water 
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UNDERGROUND STORAGE 


per year could salvaged from the waste, using existing storage and spreading 
facilities. accomplish this, change the pattern pumping would 
required, with partial cessation pumping from pressure aquifers near 
the coast and increase pumping from Montebello Basin. Water thus 
pumped from the forebay area would supplied the coastal areas 
surface distribution system. Further sea water intrusion would least 
partially halted. 


RECLAMATION SEWAGE 


achieve the maximum possible benefit from reclamation water 
from sewage, utilization underground reservoirs will necessary for both 
storage and dilution. the west basin, lying along the coast between Venice 
and Long Beach Los Angeles County, extensive sea water intrusion has 
occurred and pumping greatly exceeds recharg. proposed add re- 
claimed water the basin this area, using spreading grounds and diffusion 
wells. This appears cheaper than possible alternative sources supply. 
There seems little justification, however, for adding reclaimed water 
underground basin that not overdrawn, unless the basin oper- 
ated underground reservoir with water pumped therefrom and exported 
adjacent areas deficiency. Otherwise, stated before, the only result 
maintain the water table somewhat higher than would were 
water added. Careful analysis the hydrology each case must precede 
development. 


FINANCIAL AND LEGAL PROBLEMS 


Among the many problems the following five are considered 
primary importance: 


(1) How can control retained over the sale and distribution water 
that has been salvaged operation underground reservoir? 

(2) Who will receive the benefit such conservation program and 
what extent? 

(3) Who pay the for conservation? How are such costs 
allocated and what amounts? 

(4) How legal right attained operate underground reservoir, 
particularly exportation increased? Owners overlying land and 
others having land rights would probably seek enjoin such increase through 
court action 

(5) Where necessary lower the water table achieve salvage, are 
present users from the basin recompensed for the additional cost 
pumping, and what amount? The incremental cost pumping 
acre-foot water additional 100 about $1.70 for power only assuming 
plant efficiency 60% and energy one cent per KWH. 


These similar problems are perplexing, and simple solution apparent. 
Present rights the ground water can determined the adjudication 
procedure and these rights used basis for the determination benefits 
and damages. This rather lengthy and expensive, but has been used with 
success ground-water problems Southern California. 


UNDERGROUND STORAGE 
SUMMARY 


Planned utilization and operation underground storage offers the most 
economic means conservation waste waters many areas. Ventura 
County many millions dollars can saved such utilization combined 
with regulatory surface storage, compared use surface storage only. 
For sewage reclamation, underground reservoirs must used for dilution 
and storage most instances. 

Utilization underground storage means simple matter, and 
thorough hydrologic investigation necessary. 
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